The new correlations recently suggested between the properties of the carbon surface and the constants characterizing the process of acetanilide adsorption were extended from data that had been measured initially for six carbons. It was shown that the mechanism of acetanilide adsorption on carbons was mixed between micropore filling and adsorption on active surface sites. The latter depended strongly on the concentration of surface carboxylic, phenol and basic groups. In acidic pH, the process was irreversible due to the chemisorption of acetanilide molecules on the nucleophilic carbon sites. The rate of adsorption of acetanilide increased at acidic pH levels. Diffusion was mainly a surface process with the energy of diffusion depending on the chemical composition of the carbon surface and its polarity.
INTRODUCTION
Studies of acetanilide adsorption have not been reported in the literature as frequently as for other organic compounds, for example phenol. In the past, this compound was applied as an analgesic/antipyretic drug (Brewster and McEwen 1961) in a similar fashion to paracetamol. The acetanilide molecule is in fact a derivative of aniline, with one hydrogen atom substituted by the acylic group (COCH 3 ). Such a method of substitution is often applied in organic chemistry to diminish activation by the NH 2 group since this group enhances the activity of the benzene ring in electrophilic substitution reactions significantly (Mastalerz 1986) . Although aniline is a base, the substitution of a hydrogen atom by the COCH 3 group leads to a remarkable decrease in basicity, with the result that acetanilide is considered to be a weak base (pK b = 12.9-13.4) (Beillstein 2002; Giffney and O'Connor 1975; Ahumov 1974) . Some authors have even claimed that this compound has no basic properties since it does not form salts with acids (Brewster and McEwen 1961 ). An analysis of the structure of the acetanilide molecule leads to the conclusion that the −NH group is located between two electrophilic groups, i.e. the benzene ring and a carbonyl group. It can thus be written as: *E-mail: aterzyk@chem.uni.torun.pl. Equation (1) shows that, due to conjugation, the nitrogen atom in the acetanilide molecule can be considered as partially positive and the oxygen atom as partially negative. Thus, the nitrogen electron pair is not the centre of basicity in this molecule. Consequently, it seems probable that the acetanilide molecule can interact with an adsorbent surface via the benzene ring and/or the amide group, forming acid-base complexes with the surface. The results of adsorption studies performed on different adsorbents seem to confirm this suggestion.
The first studies on the adsorption of acetanilide were probably performed by Grettie and Williams (1928) . They studied the adsorption of a series of organic compounds (differing in acid-base properties) employing silica, alumina, hydrous ferric oxide and Fuller's earth as the adsorbents. The authors concluded that adsorption by silica was proportional to the basic strength of the compound adsorbed (acidic surface). Adsorption by alumina was the largest for the acidic compounds with the basic compound studied to the greatest extent by these authors (piperidine) also being adsorbed appreciably (thereby confirming the amphoteric character of alumina). The results of adsorption on hydrous iron oxide were irregular, while adsorption on Fuller's earth was roughly parallel to that on silica. Snyder (1963) studied the adsorption of organic compounds (including acetanilide) on 3.6% H 2 O-Al 2 O 3 . He concluded that the nitrogen group adsorbed with n-electron transfer to an adsorbent site. Parsons and Zobel (1966) reported the results of acetanilide adsorption on mercury from aqueous solutions of sodium dihydrogen phosphate. They showed that acetanilide behaviour could be described by the two-dimensional equation of state of a non-ideal gas and calculated the specific surface area of this molecule as 50 Å 2 . They also concluded that the standard free energy of adsorption depended on the effective charge on the metal. Daniels (1993) considered the influence of surfactants on the retention times of different organic compounds (including acetanilide and paracetamol) on silica. He found a similar behaviour for these molecules to that observed for 4-hydroxybenzonates, i.e. decreasing lipophilicity of the surfactant in the mobile phase leading to a decrease in retention times. Nikolenko and co-workers (1997) reported adsorption data for different organic molecules (including aniline and acetanilide) on the surfaces of CaCO 3 and MnCO 3 . For the adsorption of amines, they found a correlation Artur P. Terzyk/Adsorption Science & Technology Vol. 22 No. 4 2004 
between the adsorption properties on MnCO 3 and the ionization potential -an increase in the value of the latter led to an increase in adsorption. The authors concluded that during the adsorption of polar organic compounds on the solids studied not only did the benzene ring form bonds with the surface but the nitrogen atom also behaved similarly. It should be noted that the adsorption of acetanilide derivatives (mainly on clays and soils) has been studied widely, since chloroacetanilide herbicides are used in large quantities for the pre-emergence control of annual grasses and broadleaf weeds in corn, soybeans and many other crops (Liu et al. 2000 (Liu et al. , 2002 . Boyd (2000) has recently studied the analysis of acetanilide herbicide contents in water. From the above, it can be concluded that the adsorption of acetanilide on carbons has probably not yet been reported in the literature. Acetanilide can be treated as a derivative of the paracetamol molecule. The adsorption mechanism of the latter has been studied recently (Terzyk, , 2000a (Terzyk, ,b, 2001 (Terzyk, , 2002a (Terzyk, ,b, 2003a Terzyk and Rychlicki, 2000; with the effect of pH, temperature as well as the chemical composition of the carbon surface layer on the adsorption properties of the carbon being established.
The effect of the chemical composition of the carbon surface on acetanilide adsorption was studied recently (Terzyk 2004) . For a series of chemically modified D43/1 carbons (possessing similar porosity), the following was shown:
1.
The thermal stability of part of the adsorbed acetanilide molecules decreased after chemical modification of the carbon with acids.
2.
The process of acetanilide adsorption on the studied carbons was mixed between micropore filling and adsorption on active surface sites. However, for acetanilide the latter was strongly marked due to the weakly basic properties of the acetanilide molecule.
3.
Acetanilide adsorption increased at acidic pH level, the adsorption/desorption isotherm hysteresis recorded at acidic pH being caused by irreversible adsorption due to activation of the acetanilide molecule by protons and chemisorption reactions with carbon.
4.
The most important interactions of acetanilide molecules occurred with basic and carbonyl groups (at neutral pH) and with basic, carbonyl and acidic groups (at acidic pH).
5.
At infinite dilution, acetanilide molecules adsorbed in the smallest micropores. Subsequently, micropore filling and adsorption on active sites occurred. The maximum adsorption in micropores decreased if the surface concentration of carboxylic, phenolic and basic groups increased. Two effects caused this: increasing adsorption of water with increasing carbon surface polarity, and the adsorption of acetanilide molecules on some active basic sites. Both effects led to the partial blocking of the entrances to micropores. After adsorption of protons on active basic sites (acidic pH), additional acidic groups were created in the larger micropores and adsorption increased. Thus, the adsorption of protons on the carbon surface led to the creation of new active sites thereby increasing the adsorption of acetanilide and the heterogeneity of the system. 6.
Chemisorption of acetanilide at acidic pH level was caused by the chemical reactivity of the molecule with the mechanism of the process being, in fact, the nucleophilic addition of the free electron pair located on carbon atom surface. 7.
The rate of adsorption of acetanilide increased at acidic pH. Diffusion was mainly a surface process, with the energy of diffusion depending on the chemical composition of the carbon surface.
8.
During acetanilide adsorption on carbons, not only did interaction of the benzene ring determine the adsorption mechanism, but also specific interactions of the molecule with the surface.
From these conclusions, it will be seen that some correlations existed between parameters characterizing the chemical composition of the carbon surface and the acetanilide adsorption process (Terzyk 2004) . Since chemical modification of the previously studied D43/1 carbons was performed in such a way that their porosities remained virtually unchanged, the effect of porosity and/or pore connectivity cannot play an important role in correlations of this type. It was possible that the addition of data reported in the current study for adsorbents differing in origin, chemical composition of the surface layer, porosity, pore connectivity and other parameters could have a negative effect on the correlations obtained previously. For this reason, the author wished to find an answer to the question as to how general these correlations were, i.e. which of them could be extended to different carbons regardless of their origin and porosity. That is why, in the current study, adsorption data for acetanilide are reported for different activated carbons than the commercial carbons studied previously.
EXPERIMENTAL

Materials
Acetanilide for synthesis (Merck) containing more than 99% of the pure compound was used for the preparation of the initial solution (pH = 7.0). This solution was diluted and 20 bottles containing acetanilide were prepared. For measurements performed at acidic pH, the value of the pH was fixed as equal to 1.5 through the use of conc. HCl and was controlled by means of a digital pH meter. The 'commercial' activated carbons D43/1 (Carbo-Tech, Essen, Germany), WD and AHD (Hajnówka, Poland) were applied as adsorbents (Rychlicki et al. 1999 ). They were de-ashed using the procedure of Korver. A detailed description of this procedure as well as the effect of de-ashing on the porosity was given previously (Rychlicki et al. 1999; Kowalczyk et al. 2002) . The chemical compositions of the carbon surfaces were determined by XPS, FT-IR and TPD methods, thermal analysis, immersion calorimetry, the Boehm method, resistance and electrochemical measurements (Terzyk , 2000a (Terzyk ,b, 2001 (Terzyk , 2002a (Terzyk ,b, 2003a Terzyk and Rychlicki, 2000; . All these various methods allowed the structure of the surface groups to be evaluated (Terzyk 2003b ). In addition, the porosities of the carbons were studied through application of Dubinin's theory, Density Functional Theory and the Nguyen and Do method (Rychlicki et al. 1999; Terzyk 2003b) .
Thermal analysis
The same procedures as described previously for paracetamol and phenol (Terzyk 2000a (Terzyk , 2003b were applied in the current study for acetanilide. Adsorption was effected from ethanol solutions employing an equilibration time of 7 d.
Analytical methods
The widely applied procedure of determining acetanilide concentration on the basis of Beer's law calibration plots was applied using a JASCO V-550 (Japan) UV-vis spectrophotometer.
The maximum absorption wavelength in both neutral and acidic solutions was determined as 238 nm in agreement with the studies of Giffney and O'Connor (1975) . The calibration plot was constructed, on average, from 30 absorption versus concentration points. The calibration was repeated five times during the period of measurements. Linearization of this plot usually provided a determination coefficient close to 99.97%.
Measurements of the enthalpy of immersion in acetanilide solution
The enthalpies of immersion in water, HCl and acetanilide solutions (at both pH values) were measured at 310 K for each sample using the Tian-Calvet isothermal calorimeter constructed in our laboratory (Terzyk and Rychlicki 2000) . The initial concentration of each solution was 0.03 mol/dm 3 , i.e. the enthalpy of immersion in solution was measured for the maximum concentration applied in the adsorption isotherm measurements (see below). Carbon samples were desorbed in the same way as for the adsorption measurements. Each measurement was repeated at least three times. The error was equal to ± 1.50 J/g.
Adsorption/desorption isotherms
Measurements of the adsorption/desorption isotherms were conducted as described previously for paracetamol and phenol Terzyk and Rychlicki 2000) . The measurement errors were also as described previously.
Kinetics of adsorption
Measurements of the adsorption kinetics (using a paddle agitator at 60 rpm) and the measurement error were the same as described previously for paracetamol and phenol molecules (Terzyk 2000a (Terzyk , 2003b . Each measurement was repeated at least twice. Figure 1 shows the results of thermal analysis studies. Melting and decomposition of pure acetanilide commenced at ca. 390 K in accordance with literature data (Gajewska et al. 1962 ). Analysis of data recorded previously for the D43/1 series showed that two groups of peaks were observed (Terzyk 2004) . Generally, a higher thermal stability was observed for the compound adsorbed on the initial D43/1 adsorbents and for those modified with ammonia, with the peak being located at ca. 590 K. For D43/1 carbons modified with nitric acid and fuming sulphuric acid, a remarkably lower stability was observed for the fraction of compound adsorbed -with an additional peak being located at ca. 530 K. It was thus concluded that, for acidic carbons, a fraction of the adsorbed compound was more weakly bound to the surface, with another fraction being bound with a similar energy to that observed for D43/1-pure carbon (Terzyk 2004) . Thus, surface modifications leading to an increase in acidity decreased the stability of a fraction of the adsorbed molecules.
RESULTS
Thermal analysis
The results for the carbons studied in the present work showed only the presence of the high-energy peak. This was caused by a low content of surface functionalities possessing a strongly acidic character leading to a decrease in the thermal stability of the adsorbed acetanilide. Thus, since D43/1, WD and AHD carbons were not modified chemically, the spectra obtained suggested that the effect of the chemical composition of the surface on differences in the adsorption properties of the studied carbons towards the acetanilide molecule should be small.
Calorimetry
The results of immersion and adsorption measurements allowed the integral enthalpy of acetanilide adsorption to be calculated from the procedure described by Kiraly et al. (1996) by applying the value of the enthalpy of solution of acetanilide (+19.6 kJ/mol) calculated earlier from the temperature dependence of the solubility (Terzyk 2004) . Figure 2 (which also includes information on D43/1 carbons) shows the correlation between the adsorption enthalpy of acetanilide and the concentration of carbon surface chemical groups. It will be seen that the major contribution to the energy of adsorption at neutral pH level was from the interaction of acetanilide with surface basic and carbonyl groups. At acidic pH level, the acetanilide molecules interacted with all surface groups present.
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Artur P. Terzyk/Adsorption Science & Technology Vol. 22 No. 4 Figure 3 shows adsorption/desorption isotherms (at 300, 310 and 320 K) determined at both pH levels on the carbons studied. It should be noted that, at neutral pH, adsorption increased with increasing temperature (the largest rise being visible in the 300-310 K range). At acidic pH, increasing temperature only changed the adsorption properties slightly. For all carbons studied, an increase in acetanilide adsorption was observed relative to the situation at neutral pH. Hysteresis occurred on all adsorption/desorption isotherms determined at acidic pH [ Figure 3 (B) provides a comparison of the adsorption/desorption isotherms determined at 300 K as an example] and the value of the average hysteresis increased with increasing temperature.
Adsorption/desorption results
To explain the hysteresis observed on the adsorption/desorption isotherms, it is necessary to consider the chemical reactivity of the acetanilide molecule. Thus, as mentioned above, the basicity of this compound is low; moreover, the electron pair located on the nitrogen atom is delocalized (in fact, in this molecule, the nitrogen atom exhibits no basic properties). Equation (1) above showed that the positions of possible protonization are located on the nitrogen and oxygen atoms. Indeed, the problem of the centre of basicity in the acetanilide molecule has been discussed extensively in the literature. As mentioned by Giffney and O'Connor (1975) , many arguments have been advanced in support of both O-and N-protonation of amides. These authors clearly showed that O-protonation occurred. In fact, many authors have pointed out that addition of the proton is to the oxygen in amides rather than the nitrogen atom (Scudder 1992; Wróbel 1983) . However, under strong acid conditions and high temperatures, even the hydrolysis of amides is possible. At the conditions employed in the present study, the acetanilide molecule is stable at acidic pH levels (Mastalerz 1986; Morrison and Boyd 1973) . Thus, taking into account that at acidic pH the mechanisms of addition of a nucleophile to acetanilide are catalyzed by the addition of protons to the oxygen atom of the carbonyl group (Scudder 1992; Wróbel 1983; Morrison and Boyd 1973) , the most probable mechanism for the chemical adsorption observed is:
where (Nu)C surf is the nucleophilic carbon surface atom possessing a free electron pair. The mechanism presented explains why chemisorption did not occur at neutral pH and why the value of the hysteresis increased as the enthalpy of HCl adsorption increased (Figure 4 ). Thus, strongly basic carbon atoms with electron pairs act as nucleophiles in this process.
The increase in acetanilide adsorption at acidic pH, together with the analysis of the thermodynamic data presented above (Figure 2) , suggests that the increase in adsorption observed at this pH level resulted from the limitation of the dissociation of the most acidic surface groups (all carbons studied were below the pH of the zero point of charge at acidic pH levels) and the interaction of these groups with acetanilide molecules. This effect may be additionally reinforced by the interaction between adsorbed protons and the acetanilide molecules. Thus, it has been established that, in aqueous solution, the π-electrons of the basal planes (C π ) act as Lewis basic sites (Radovic et al. 2001 ). Hence, we may write that:
(3) and when adsorbed in this way the protons can interact with the electron-rich centres of the acetanilide molecule, i.e. the benzene ring and the oxygen atom of the carbonyl group [equation (1)], in the latter case to form hydrogen bonds.
To highlight the details of the acetanilide adsorption mechanism, an analysis of the measured isotherms was performed by dividing the isotherm into various sub-regions. 
Theoretical description of adsorption data
Infinite dilution range
The procedure of Abe and co-workers (1979) was applied for the calculation of the adsorbability (α). The results obtained are listed in Table 1 and illustrated in Figures 4 and 5 , respectively. The change in pH generally led to an increase in the value of α for all the carbons studied at all temperatures. Figure 4 shows that as the hysteresis in the adsorption/desorption isotherms measured at acidic pH increased, i.e. as the irreversible adsorption of acetanilide [equation (2)] progressed, the differences in adsorbability determined at both pH levels decreased. Thus, it may be concluded that the chemisorption of acetanilide had a negative effect upon the increase in adsorption at acidic pH and at infinite dilution. This was due to the entrances to some pores being blocked by chemisorbed molecules on increasing adsorption. The consequence [ Figure 5 (A)] was that the difference in average adsorbability decreased for different carbons as the enthalpy of immersion in hydrochloric acid increased. It is reasonable to assume that, at infinite dilution, acetanilide adsorption occurs on the walls of the smallest micropores, with the driving force for adsorption at infinite dilution being the enhancement of the adsorption potential in the micropores relative to the adsorption energy on a flat surface. Since acetanilide molecule can interact with surface acids as well as bases, competition would occur between adsorption in the smallest micropores and on 'active sites' [i.e. a similar mechanism to that reported for phenol (Terzyk 2003b) is observed]. Figure 4 . The correlation between the average hysteresis on the acetanilide adsorption/desorption isotherms (at acidic pH level) and the enthalpy of HCl adsorption, and the difference between the average adsorbability calculated for acidic and neutral pH levels ( Differences between the energy-values determined at acidic and neutral pH would decrease if the value of the adsorption energy at acidic levels increased (however, these differences do not become equal to zero). Since the acetanilide molecule possesses a group that activates the benzene ring during electrophilic substitution, it will interact with π-electrons mainly via this ring. However, the difference in adsorbability is not equal to zero since the increase in adsorbability at acidic pH is caused by protonization of the micropores and the fact that some of the surface groups do not dissociate [equation (3)]. These groups act as acidic sites for acetanilide. Figure 5(B) shows that, in general, for adsorption at neutral pH (and at 300 K and 310 K), the adsorbability of the carbons studied decreased as their content of surface basic and acidic groups (i.e. carboxyls and phenols) increased. As shown for the chemically modified D43/1 series (Terzyk 2004) , at the highest temperature studied (320 K) the value of the adsorbability depended solely on the concentration of carboxyls and bases present on the surface, suggesting that a weakening of the interactions between adsorbed molecules (or water) and -OH groups occurred with increasing temperature. Since the carbons studied in the present work were of different origin, this effect occurred to a different extent with them and led to the disappearance of this correlation at 320 K.
An analysis of the applicability of the Dubinin-Astakhov (DA) and quasi-Freundlich (qF) equations
Two adsorption isotherm equations were chosen to fit the acetanilide experimental adsorption data. The first was the Dubinin-Astakhov (DA) (1971) model, adopted for phenol adsorption by Stoeckli and co-workers (Stoeckli et al. 2001; Stoeckli and Hugi-Cleary 2001) , and expressed as:
where N a is the extent of adsorption and N am is the maximum adsorption in the micropores, R and T are the gas constant and temperature, respectively, β s is the affinity coefficient, E 0s is the characteristic adsorption energy, and c eq and c s are the equilibrium concentration and the saturation concentration at the temperature T. The following values for c s were taken for acetanilide: 0.0459, 0.0596 and 0.0734 mol/l at 300, 310 and 320 K, respectively (Beillstein 2002; Seidel 1941; Stephen and Stephen 1963) . The molar volume of acetanilide is equal to 111.75 cm 3 /mol. Regardless of the thermodynamic inconsistency of equation (4) (Toth 1994 (Toth , 1995 (Toth , 2002 , Stoeckli and co-workers have shown that it describes phenol adsorption data on a series of carbons over a relatively wide range of temperatures. This suggestion was confirmed recently by the present author (Terzyk 2003b ). On the other hand, for cases where the adsorption mechanism seems to be mixed, with competition between a micropore-filling process and strong adsorption on the surfaceactive centres, it appears reasonable to apply the Freundlich-type equation. Consequently, taking into account the competitive character of adsorption from solutions (Kipling 1965): (5) where n σ(n) 1 is the amount adsorbed, n s is the maximum adsorption of the solute and solvent, x s 1 is the molar fraction of solute in the adsorbed phase and x 1 is the mole fraction of solute in the liquid phase. Garbacz and co-workers developed the solution analogue of the Freundlich equation (Garbacz et al. 1990 (Garbacz et al. , 1991 and this has been applied in a simplified form in the present study assuming that equality between the activity and the concentration exists for dilute solutions. Hence, the quasi-Freundlich (qF) equation can be written as: (6) where B F is a parameter. Moreover, it is obvious that differences in the molecular volumes of the components should be taken into account during the process of adsorption from solution, hence (Garbacz et al. 1990 (Garbacz et al. , 1991 : (7) where r = (V s /V l ) is the ratio of the molar volumes of the solid and the solvent [for the acetanilide-water system, r = 6.12 (Terzyk et al. 2003b )] and n s 1,0 is the number of moles of a solid adsorbed by unit mass of an adsorbent in the absence of a solvent. The detailed procedure for fitting equations (4)-(7) to the experimental results has been described elsewhere (Terzyk 2002b ). The results obtained in the present study are listed in Tables 2 and 3. From Table 2 , it is seen that the worse fit of the DA equation to the experimental data occurred at acid pH level. At this level, the maximum adsorption values were larger and the characteristic energy for acetanilide adsorption was also larger. Figure 6 shows (for six different carbons) that, generally at the neutral pH level, the maximum adsorption in the micropores decreased if the surface concentration of carboxyls, phenols and bases increased (the same correlation was also observed at 310 and 320 K). However, at the acidic pH level and at 320 K, this correlation only occurred for surface carboxyls and bases.
Again from Figure 6 [as well as from the results of the Boehm method published previously ], it can be seen that differences between the concentrations of the surface carboxylic, phenolic and basic groups were small for the D43/1, WD and AHD carbons. This is why the recorded differences in the thermogravimetric spectra and in the acetanilide adsorption values were also small. The largest differences between the measured adsorption isotherms occurred for those determined at the acidic level and at 320 K due to the largest differences in the content of surface carboxyls and bases for the unmodified carbons studied.
Two effects caused the decrease in adsorbability accompanied by maximum adsorption in the micropores with increasing surface group concentration. The first was the increasing adsorption of water while the second was the adsorption of acetanilide molecules on some active sites. Both effects led to partial blockage of the entrances to the micropores. As mentioned above, after the adsorption of protons onto active basic sites (at acidic pH), additional acidic groups were created in the larger micropores [equation (3)] and adsorption increased. It will be seen that the corresponding points in Figure 6 lie almost parallel with each other.
Previous studies for D43/1 series carbons of similar porosity (Terzyk 2004) showed that, at the neutral pH, the characteristic energy for acetanilide adsorption [equation (4)] depended on the concentration of the various groups present on the carbon surface, with the temperature determining what kind of groups contributed to the correlation. At 300 K, the correlation decreased as the concentration of all surface groups present increased, and as the temperature increased it depended mainly on the concentration of the strongest acidic groups (carboxylic) and bases. After the adsorption of protons at 300 K, this energy increased as the content of basic and most acidic groups increased, thereby confirming the change in the mechanism of acetanilide adsorption. Unfortunately for higher temperatures (310 and 320 K), no feasible correlations were found due to the increase in irreversibility at this pH level. Figure 6 . The dependence of the maximum adsorption of acetanilide in micropores at various temperatures (squares - Figure 7 shows that only one correlation was observed for all six carbons, viz. the value of E 0s decreased as the content of surface groups increased for adsorption at neutral pH and at 300 K. The absence of the other correlations (observed for the D43/1 series) suggested the strong influence of porosity on such correlations in the case of acetanilide adsorption. This problem will be discussed in forthcoming papers.
In summary, carboxylic, phenolic and basic groups are of primary importance in the adsorption of acetanilide.
The analysis of the results obtained from fitting the qF equation [equations (5)- (7)] (Table 3) shows that, generally, a slightly better fit was observed at the acidic pH level than that observed at neutral pH. At the latter pH level, a remarkable increase in the maximum value of the adsorption was observed. Figure 8 shows that the maximum adsorption of solute in the absence of the solvent (n s 1,0 ) at neutral pH level, as calculated from this equation, increased with the content of surface acidic and basic groups (the carbon modified with fuming sulphuric acid being an exception) and with increasing carbon resistance (R). This confirms the ability of acetanilide molecule to interact with both basic and acidic surface sites, and shows (as mentioned above) that blockage of the pores by water and adsorbed acetanilide molecules was responsible for the experimental differences observed for the adsorption isotherms.
Kinetics of acetanilide adsorption and the energy of diffusion
Independent confirmation of the proposed adsorption mechanism may be obtained from an analysis of the energy of diffusion values. Figures 9 and 10 show the kinetics of acetanilide adsorption 368 Artur P. Terzyk/Adsorption Science & Technology Vol. 22 No. 4 2004 determined on the carbons studied. As previously, the kinetic data were described applying the equation proposed by Korta (Kawęcka et al. 1961; Kipling 1965): (8) and the modified form (Terzyk , 2003b :
where a is the adsorption at time t, a max is the maximum adsorption at infinite time, k 0.5 = t 0.5 , and A, b and k 1 are constants. The time necessary for pore filling to levels of 40%, 50% and 90% (t 0.4 , t 0.5 and t 0.9 ) can be calculated from equation (9). The corresponding values are listed in Table 4 . From this table, it can be seen that, generally, the process was faster for the carbons studied at the acidic pH level than at neutral values. It may also be noted that a decrease in the pH of the solution led to an increase in the rate of acetanilide adsorption, and that the modified Korta equation described the adsorption data better than the original form of this equation. The kinetic results were described applying the procedure described previously Gauden 2001, 2002) , allowing the values of the effective diffusion coefficients to be calculated (Figure 11) . Generally, the increase in adsorption rate observed at acidic pH could be connected with an increase in the values of the effective diffusion coefficients. However, this effect was irregular and depended on the type of carbon employed, the relative adsorption and the temperature. Applying the procedure described previously Gauden 2001, 2002) allowed the contribution of pore diffusion to be calculated (applying the data from Table 4 ). Figure 12 shows that diffusion of the acetanilide molecule was mainly a surface process over the temperature range studied; however, the contribution of pore diffusion increased with increasing temperature. Generally, for the two Polish carbons (WD and AHD), pore diffusion made a remarkable contribution to the overall process. The energy of diffusion was calculated from the temperature dependence of D e (Figure 13 ). As calculated from the kinetic data determined at neutral pH, 370 Artur P. Terzyk/Adsorption Science & Technology Vol. 22 No. 4 this energy depended mainly on the surface polarity. At acidic pH, it depended mainly on the concentration of basic and carbonyl groups on the carbon surface.
CONCLUSIONS
As reported previously for phenol adsorption (Terzyk 2003b) , the adsorption of acetanilide on the carbons studied occurred via a mixed process involving micropore filling and adsorption on active surface sites. However, the latter process was not marked for acetanilide because of the weakly basic properties of this molecule.
Analysis of the adsorbability suggested that acetanilide molecules were adsorbed in the smallest micropores at infinite dilution. Micropore filling and adsorption on active sites then occurred The times necessary for 40%, 50% and 90% saturation were calculated from equation (9) to show the differences between the systems studied. subsequently. Generally, the maximum adsorption in micropores decreased if the surface concentration of carboxylic, phenolic and basic groups increased. Two effects caused this: (i) increasing adsorption of water with increasing carbon surface polarity and (ii) adsorption of acetanilide molecules on some active basic sites. Both effects led to partial blockage of the entrances to the micropores. After the adsorption of protons on active basic sites (at acidic pH), additional acidic groups were created in the larger micropores and adsorption increased. Thus, the adsorption of protons on a carbon surface led to the creation of new active sites, increasing the adsorption of acetanilide and the heterogeneity of the system. At acidic pH levels, chemisorption of acetanilide occurred as a result of the chemical reactivity of the molecule, the mechanism of the process being, in fact, nucleophilic addition of the electron free pair located on the surface carbon atoms. The rate of acetanilide adsorption increased at acidic pH level. Diffusion was mainly a surface process with the energy of diffusion depending on the chemical composition of the carbon surface and its polarity. The results presented showed that the mechanism of acetanilide adsorption on carbons not only involved interaction of the benzene ring in the molecule but also specific interactions between the molecule and the carbon surface. Thus, as mentioned by Jankowska and co-workers (1986) , adsorption from solution was limited by the micropore volume of the carbon with the actual extent below this limiting value being determined by the acid-base properties of the carbon.
